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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL HARDWARE
NUMBER: £4-2-517C-Im-¥ 3050270
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SUBSYSTEM NAME: AUXILIARY POWER UNI[T {APUL) PACE 28 g
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PART WAME PART WUMBER
YENDOR NAME VYENDOR NUMBER
n LRU : AUXILTARY POWER UNIT {APU) MC201-0001-04%x
. SUNDSTRAND x742211x
m SRY : THERMJSTAY S9C8109
a SUNDSTRAND DATA COMTROLS 975-0478-003
""""""""""""""" PART DATA . TTTTTTmmmeees

w EXTENUED DESCRIPTION OF PART UMDER AMALYSIS:
THERMOSTAT, OVERTEMPERATURE, APU FUEL PUMP/VALVE (BGVM} /FUEL LINES
{MEED, BYPASS, HEFERENCE)
Suresy

o QUANTITY OF LIKE ITEMS: 6§
1 FOR HEATER ELEMENT A
AND ONE FOR HEATER ELEMENT B, 2 PER APU

w FUNCTION:
TO0 PROVIDE A CLOSED ELECTRICAL CIRCUET AT A MINIMUM OF 120 DEG F. AND AN
OPEN CIRCULT AT A MAXIMUM OF 140 DEG F. DIFFERENTIAL BETWEEN QPENING
AND CLOSING TEMPERATURE IS REQUIRED TO BE AT LEAST 7 DEG F, EACH
QVERTEMPERATLRE THERMOSTAT COMTROLS ONE OF THE REDUNOANT
ELEMENTS (MEATER A/HEATER )] APU FUEL PUMP, GGVM &ND FUEL
LINE HEATERS {REFERENCE FMEA Dd=2-HRL ) IN THE EVENT THAT THE CONTROL
THERMOSTAT {Slw-ifﬂ FAILS CLOSED.
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REVISIONS I I11/21/9F @A
SUBSYSTEM: AUXILIARY POWER UNIT {APY)
LAY :AUXILIARY POWER UNIT (APL) . CRITICALITY OF THIS
ITEM WAME: THERMOSTAT FATLURE MODE:1R;

m FAILURE MOOE:
FAILS TO CLOSE (FAILS QPEN)

MISSIOM FHASE:

PL PRELAUNCH
LG LIFT-OFF
aly OM-OREIT
oo DE-ORAIT

102 COLUMBIA

103  DISCOVERY

104 ATLANTIS ; -
105  ENDEAVOUR

w YEHICLE/PAYLOAD/XIT EFFECTIVITY

® CAUSE:
INTERNAL PIECE-RART FAILURE, DISC FATIGUE /WEAR AND RESULTING
CONTAMINATION.

o CRITICALITY 171 DURING INTACT ABORT OMLY? NO

& REDUMBANCY SCREENM A) PASS
- B) PASS
= C) FAIL

P?SSIFlIL AATIOMALE :
mA
THERMOSTAT CLOSING CAN BE VERIFIED DYRING TURNARGOUND OR CRYD QQFDIHG.

» B)
TEMP SENSORS ARE OM FOA, LOW LINIT 1S &0 DEG F, BYPASS LINE TEMPERATLRE
(VASTOXZHA).

s C) sy ArRAL
VIBRATION OF THE MOUNTING LINEYON THE APU COULD CAUSE FAILURE OF 7-ve
OVERTEMPERATURE THERMOSTATS ON HOTH HEATER SYSTEMS

A AND B,
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N MASTER MEAS. LIST MUMBERS: VASTOX2EA
: YVAETOX124
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o (A) SUBSYSTENM:
ND EFFECT ON APU OPERATION. LOSS OF HEATER REDUNGANCY. POSSIBLE LOSs
OF SINGLE APU [F FUEL FREEZES, '

® (B) INTERFACING SUBSYSTEM({S):
NOD EFFECT.

w (C} MISSION:
LAUNCH SCRUB IF DETECTED. MO EFFECT UNLESS BOTH PRIMARY AMD SECONDARY
HEATERS FAIL, THEN ABORT. -

a (D) CREW, VEWICLE, AND ELEMENT(S):
NO EFFECT UNTIL SECOND SYSTEM LOSS. POSSIBLE LOSS OF CREW/VEHICLE
l guz TC FIRE/EXPLOSION IF'FUEL FREEZES AMD LINE RUPTURE DCCURS UPON
HAWING. -

. a (E) FUNCTIDNAL CRITICALITY EFFECTS: '

: FIRST FAILURE NO EFFECT - FATLURE OF MEATER SYSTEN WILL BE DETECTABLE
BY FOA AND RESULT IN CREW SWITCMING TO REDUMDANT MEATER SYSTEM W[THIN
THE NORMAL RESPONSE TIME OF 15 MINUTES. FAILURE OF REDUNCANT HEATER
SYSTEM OR COCKPIT SWITCH WILL RESULT IN ORBITER ATTITUDE MANAGEMENT T
MAINTAIN SYSTEM THERMAL CONSTRAINTS WITHIN LIMITS (REF FLIGHT AULE
10-167), FMEA/CIL GROUND RULES DO NOT ALLOW ATTITUDE MANAGEMENT TO BE
CONSIDERED AS REDUNDAMCY. THEREFORE, CRITICALITY IS 1R2.

ol NN B .- ... Sl N N N N i A Ak P ol i e e e e e o e

= DISPOSITION RATIOMALE -

w {A) DESIGN: '
THE ELECTRICAL SYSTEM 1§ DESIGNED WITH (3) ORIVERS THROUGH (PRC) TO
TURN OFF THE HEATER. A {3) POLE SWITCH HAS (1) POLE TO EACM DRIVER
WHICH ENEMGIZES THE CIRCUIT, ANY ONE DRIVER TURKED OFF WILL TURN OFF A
HEATER.

THE SWITCH IS DESIGMED TO MEET TME REQUIREMENTS OF MIL-S-24236. IT [S
ALL WELDED CONSTRUCTION, CONROSION RESISTANT, SIMPLE, SNAP-ACTING
THERMAL SWITCH, MERMETICALLY SEALED WITH DRY NITROGEN. [T IS RATED AT §

MPSJ Frr CagAIEY wwiie) daals.
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FatE 39
u (B} TEST:

PART ACCEPTANCE TEST INCLUDES CONTACT RESISTANCE, SEAL TEST, CREEP ,AND
230 CYCLE AUN-IN.

IT IS QUALIFIED BY SIMILARITY TO MIL-5-24236 SWITCHES BUILT BY
SUNOSTRAND DATA CONTROL., THE SWITCH WAS %LIALIFIEATIDH TESTED.
Led ' Foue T ibu v gy =D DG, T Ty G, pg ot m
OMRSD: APU 1/2/3 MEATER TEST BY COCKEIT COMMAND ?ERIFIES%-IEHHESTITS‘(S:‘”‘” A
FOR FIRST FLIGHT AND OM A CONTINGENCY BASIS THMEREAFTER ANY TIME THE
LINE, INSULATION, UR,{IEATER(S DISTURBED,
BT P L7 sTER,
OVERTEMPERATURE TMERMOSTAT CONTACTS BEING CLOSED [S VERIFIED EVERY
FLIGKT FOR SYSTEMS A AMD B.

& (C) INSPECTION:
RECEIVING INSPECTION:
RAW MATERIALS ARE CERTIFIED AMD VERIFIED BY INSPECTION. 15T AND 207TH -
RECEIVED SWIPMENTS ARE VERIFIED BY OUT-PLANT AMALYSIS. OTWER SHIPMENTS
ARE ACCEPTED ON VENDOR-SUPPLIED CERTIFICATION,

CONTAMINATION CONTROL: '

ALL CLEANING OPERATIONS ARE PERFORMED AND INSPECTED PER DOCUMENTED .
CLEANLINESS REQUIREMENT PROCEDURES. MICROPARTICLE ANALYSIS PERFORMED

ON A SAMPLE. PRECAP INSPECTION 15 PERFORMED FOR EVERY UNIT.

ASSEMALY /INSTALLATIONS :
ALL MANDATORY INSPECTION POINTS FOR MANUFACTURING OPERATIONS ARE
YERIFLED AND DOCUMENTED.

CRITICAL PROCESSES:
VERIFICATION OF ‘CASE MELD IS DONE 8Y MELIUM LEAK CHECK FOR EVERY UNIT.

TESTING:
TEST EQUIPMENT CALIGRATION IS PER MIL-STD-45882. BURN-IN CYCLING AND
ATP ARE PERFORMED AND VERIFIED FOR EVERY UNIT 8Y INSPECTION.

HANDLING /PACKAGING
Hi.:gLIlﬁf PACKAGING, STORAGE, AMD SHIPPING PROCEOURES ARE VERIFIED BY

PERIODIC SYSTEM AUDITS.
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FATLURE MOBES EFFECTS AMALYSIS (FMEA) - CRITICAL FAILURE MCDE

® (D) FAILURE HISTORY:
CAR 34RF1l:

BASELINE APY [N-FLIGHT VIBRATION LEVELS
HAVE RESULTED IN FAILED ON CONDITION, BU

FAILED OFF COMDITION.
CORRECTIVE ACTION:

A $TUDY TO REPLACE THESE SWITCHES DN THE AP

INSENSITIVE DEVICE IS IN WORK.

e (E) OPERATIOMAL USE:

FAILURE OF THE HEATER SYSTEM IS DETECTABLE BY

MANUALLY SWITCHIMG TO THE REDUNDAMT WEATER

RELIABILITY ENGINEERING:
DESIGN ENGINEERING
QUALITY MANAGER

NASA RELIABILITY

NASA SLBSYSTEM MANAGER
NASA QUALITY ASSURANCE

LI L R T T S

D. R, ATAPATTY
J. R. MUNROE
0. J. BUTTNER
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MUMBER: 04-2-517C-IM-0]

EXCEED SWITCH DESIGN LIMITS ANg
T IT COULD ALSO LEAD TO A

U WITH A YIBRATION

;Dﬁ AND REQUIRES THE CREW

YSTEM
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